Here we would like to briefly introduce our modeling studies with WRF/Chem and CHASER. 
3 1984) and a flux-form semi-Lagrangian scheme (Lin and Rood, 1996) . Subgrid-scale vertical fluxes of heat, moisture, and tracers are approximated using a non-local turbulence closure scheme based on Holslag and Boville (1993) used in conjunction with the level 2 scheme of Mellor and Yamada (1974) . The cumulus parameterization scheme is based on Arakawa and Schubert (1974) with several simplifications described in Numaguti et al. (1997) . The closure assumption is changed from the diagnostic closure used in Numaguti et al. (1997) to a prognostic closure based on Pan and Randall (1998) , in which cloud base mass flux is treated as a prognostic variable. An empirical cumulus suppression condition introduced in Emori et al. (2001) is adopted. Note here that the updraft and the downdraft of chemical species by cumulus convection are included in the model. The large-scale condensation scheme is based on Treut and Li (1991) , in which subgrid probability distribution of total water mixing ratio in each grid box is assumed as a uniform distribution. Spectral coefficients are triangularly truncated at wavenumber 42 (T42), equivalent to a horizontal grid spacing of about 2.8• . The model has 32 vertical layers that are spaced at about 1-km intervals in the free troposphere and lower stratosphere. The chemical side of the model is based on Sudo et al. (2002a Sudo et al. ( , 2003 , and includes a detailed online simulation of tropospheric chemistry involving the O3 -HOxNOx -CH4 -CO system and oxidation of NMHCs. The chemical model time step is 10 minutes. The model includes detailed dry and wet deposition schemes and heterogeneous reactions on the surface of sulfate and nitrate aerosols.
In addition to the extensive chemical reactions, forecast runs include tagged CO tracers. Such tracers are emitted normally over selected regions (north and south China, Japan, south Asia, northern America, Europe, and Siberia) and evolved subject to model transport schemes and normal chemical loss processes for CO. Anthropogenic surface emissions of CO are taken from the Streets et al. (2003) inventory over Asia (except China), and from EDGAR (Emission Database for Global Atmospheric Research) (Olivier et al., 1996) over other regions. Surface CO emissions over China are taken from Streets et al. (private comm.,2005) .
The estimated annual amount emissions over China is 146 TgCO, a figure about 40 TgCO larger than that in Streets et al. (2003) . In this study, the timing of CO emission from biomass burning was estimated by using the average of the hot spot data from1995 to 2001 from Along Track Scanning Radiometer (ATSR) (Arino et al., 1999) for the daily forecast. ATSR hot spot data for 2002 were used in the post-analysis study. Tagged CO tracer is also 4 considered for CO which is chemically produced from the oxidation of CH4 , isoprenes, and other NMHCs.
Each daily run is fully automated and consists of two parts, a "quasi-real-time" run and forecast runs. The quasi-real-time run is derived from the NCEP final analysis (FNL) data, and steps forward one day at a time as soon as the previous day's data are available. Forecast runs use the NCEP Global Forecast System (GFS) data instead of the NCEP FNL data. The NCEP data are re-gridded from 1.0• ×1.0• to 2.8• ×2.8• in horizontal, and from 24 layers to 32 layers in vertical. The relaxation time for nudging the CHASER model meteorological field to the NCEP meteorological data is 1 day in the free troposphere and lower stratosphere.
The relaxation time approaches 0 at the surface in this study. Sea surface temperatures (SST) are based on WMO Distributed Data Bases managed by the Japan Meteorological Agency.
Winds from 10 hPa to about 3 hPa are calculated by using dynamical and physical procedures in the CHASER model. They are not nudged by NCEP data because the maximum height of NCEP data is lower than the top of CHASER model. Humidity is calculated using the hydrological cycle (surface source and sink, transport, convection, diffusion, condensation, and precipitation) in the CHASER model. Consequently, the temperature and humidity field do not produce destabilization or discontinuity because of inconsistencies between CHASER temperature and NCEP humidity. The forecast run is initialized from a restart file written at the end of the previous day's quasi-real-time run. Automated runs normally start at 05:00 JST (20:00 UTC of the previous day). Therefore, the 1-day forecast was available for pre-flight briefing during the PEACE campaign. Pre-formatted figures are automatically made from output from both the quasi-real-time and forecast runs. Archived output data can be used to make custom figures via the web interface (http://www.jamstec.go.jp/frcgc/gcwm). This forecast system evolved from a prototype run with lower resolution (T21) that started in 
Results
The climatological and seasonal distributions of chemical species (i.e., the chemical climate) calculated by CHASER have already been evaluated in Sudo et al. (2002b Sudo et al. ( , 2003 . The focus here is on the validation and interpretation of the chemical structures on timescales of hours to days. The targeted features of the flights based on the chemical weather forecasts can be characterized a) pollution plumes that were affected by intercontinental transport, and b) the outflow of a polluted air mass from nearby populated regions. The global chemical weather forecast can predict anywhere where enhanced mixing ratios may occur on a day-to-day bias.
However, such predictions would benefit from global or regional model forecasts with higher resolution, especially if they are used to plan flight paths.
Meteorological Fields
An accurate characterization of transport processes is of critical importance to flight planning and to the analysis of observations. 
Comparison with Ground-based Observations
The mixing ratios of chemical species calculated by the chemical weather forecasting system during PEACE were compared with values observed at three ground-based observational sites in the major sampling region of PEACE. (Yurganov et al., 2005) . Figure   2 also shows the regional CO tracers calculated by CHASER. Siberian CO made small contribution to the CO concentrations in late spring at these sites. The concentration of Siberian CO does not exceed 5 ppbv in late spring. Minamitorishima is in the southeast of Japan and is affected by maritime air and outflow from Asia. Tagged CO tracers suggest that the enhanced CO level observed at Minamitorishima on 18 January are linked to emissions from northern and southern China. The CO levels at Yonagunijima are strongly related to the Asian CO tracers. Some events with increased CO levels greater than 300 ppbv occurred at Yonagunijima. Corresponding increases occurred in the China CO tracers in such events.
Tracers of CO that is chemically produced from the oxidation of CH4 , isoprenes, and other NMHCs, increased by about 5-10 ppbv in the CO increase event in the spring. Increases in CO tracers linked to chemical production from hydrocarbons in polluted air masses reflect the enhanced chemical activity in the spring.
Convective outflow during the PEACE-B campaign
Convective activity can play an important role in late spring, when PEACE-B was conducted. Oshima et al. (2004) evaluated the origin of air parcels sampled by the aircraft during PEACE-B from altitudes between 4 and 13 km using back trajectories and estimated that 69% of those air parcels that originated at or below 800 hPa experienced convective uplifting. concentration is observed to increase from about 120 ppbv outside the plume to around 300 ppbv in the plume. There is a similar increase in the modeled CO profile, although the modeled CO increase is smaller, from 80 to 145 ppbv, and the increase is restricted to 300-350 hPa. Tagged CO tracers suggest that emissions from southern China are responsible for this enhanced UT plume. Emissions from southern China comprise 18-21% of the total CO mixing ratio in the plume. Emissions from northern China contribute 8-10% of the total CO in the plume. Figure 5 shows the sea level pressure, CO mixing ratio tendency forced by convective transport at 300 hPa, CO fluxes at 300 hPa, and modeled CO mixing ratio at 300 hPa calculated by CHASER. 
WRF/Chem
We are now also developing a one-way nested global-regional air-quality forecasting (AQF) model system with full chemistry based on the CHASER (Sudo et al., 2002a) and WRF/Chem (Grell et al., 2005) . Here, we shortly describe and evaluate our model system.
The global CTM part is based on the CHASER model, which is based on CCSR/NIES/FRCGC atmospheric general circulation model (AGCM) version 5.7b. The basic features of the model have been already described in Section 2. The regional CTM part is based on WRF/Chem (Grell et al. 2005 ). Anthropogenic emission data over Japan, except those from automobiles, are from the JCAP (Japan Clean Air Program) with 1 km ×1 km resolution (Kannari et al. 2007) , and anthropogenic emissions from automobiles over Japan are The lateral boundary of chemical species in the regional CTM is taken from the global CTM.
The output of the global CTM is linearly interpolated from the Gaussian latitude and longitude grid to a Lambert conformal conic projection for use in the regional CTM. The lateral boundary is updated every 3 hours and linearly interpolated for each time step. We did not include feedback from the regional CTM to the global CTM; that is, the one-way nesting calculation was done between the global and regional CTMs. The system is driven by meteorological data from NCEP for the global CTM part and from the mesoscale model and the observed and modeled ozone mixing ratios at Kodaira were 140 ppbv or higher on 5 11 and 6 August. The model tended to overestimate the daytime ozone maximum especially for cloudy days, and the discrepancy of daily maximum is larger in urban area compared to that in rural area. To evaluate the model performance, a set of statistical measures provided by the U.S. Environmental Protection Agency (US EPA 1991) was evaluated for stations in the inner domain of the model. The mean normalized bias error (MNBE), the mean normalized gross error (MNGE), and the unpaired peak prediction accuracy (UPA) were 7.1%, 9.5%, and 9.4%, respectively. These values are within the criteria range suggested by the U.S. EPA (MNBE< ±10-15%, MNGE< ±30-35%, and UPA< ±15-20%). 
